ABSTRACT The influence of broodiness on egg production was evaluated, and correlations between the age of the first broody cycle (AFB), duration of first broody cycle, and interval between the end of the first broody cycle and the re-laying of eggs were calculated in Chinese Qingyuan (Q line) chicken. In addition, age at first egg and individual egg production were recorded. From a single hatch, hens were randomly divided into 2 groups, group A (n = 576) and group B (n = 576). Group A hens were allowed to go through the entire broody cycle, whereas group B hens were treated so as to interrupt the cycle. Mean incidence of broodiness was approximately 15%, with the average AFB at approximately 40 wk (i.e., about 20 wk after the onset of lay). Nonbroody hens produced more eggs than broody and treated hens. However, a higher laying rate during the nonbroody period partially compensated the egg loss from broodiness. Negative correlations (P < 0.01) were found between AFB and duration of first broody cycle or interval between the end of the first broody cycle and the re-laying of eggs, indicating that the age of the first broody cycle can be regarded as a phenotypic marker for intensity of broodiness in hens.
INTRODUCTION
Broodiness involves a hen sitting on her eggs for the purpose of hatching embryos. In chickens, broodiness is usually associated with increased body temperature, reduced feed and water intake, frequent nest occupancy, turning and retrieval of eggs, aggressive or defensive behaviors, characteristic clucking, and cessation of egg production (Romanov et al., 2002) . Broodiness is observed in most avian species, and the average duration of broodiness in indigenous breeds of chickens is approximately 20 d (Jiang et al., 2005a) . As a result, researchers have associated broodiness with reduced egg production because of the cessation of lay during the broody period (Yami, 1995; Chen and Li, 2007) . However, data on the degree that broodiness influences egg production over an extended period are lacking.
Broodiness is a complex trait, and dividing it into several quantitative indices is helpful in furthering an understanding of this phenotype. In chickens, Jiang et al. (2005b) divided broodiness into age at first broody cycle (AFB), duration of first broody cycle (DFB), and the interval between the end of the first broody cycle and returning to egg production (IER). In this paper, we report on the influence of broodiness on egg production, laying rate, and correlations among AFB, DFB, and IER.
MATERIALS AND METHODS

Birds and Management
Hens of Qingyuan chicken (Q line), a Chinese indigenous breed that easily exhibits broodiness, were used in the experiment. Two thousand 1-d-old female chicks from a single hatch (May 2, 2008) were raised in floor pens to 126 d of age. They were fed a commercial cornsoybean-based diet with 18.5% CP and 2,750 kcal of ME/kg from hatch to 56 d and 15.5% CP and 2,600 kcal of ME/kg thereafter to 126 d. At that age, 1,152 hens were randomized into 2 equal groups and transferred to single cages. They were then fed a commercial cornsoybean-based diet with 16.5% CP and 2,650 kcal of ME/kg. The chickens had free access to feed and water throughout. The house was automatically ventilated to maintain an ambient temperature between 20 and 28°C, with a 16 h of light/d photoperiod at a light intensity of 10 lx. Group A hens were allowed to go through their broody cycle and return to lay. Group B hens that ex-pressed broodiness were treated to accelerate recovery to lay; once broody behavior was exhibited, each hen was placed in an outdoor environment, exposed to light of 30 to 40 lx, and disturbed to prevent them from nesting. When broody behavior disappeared, each hen was returned to her original cage, and the days of laying loss from broodiness were counted.
Measurements
Egg production for each hen was individually recorded daily to 60 wk of age. Hens were observed daily for broody behaviors. Criteria for being considered broody were being persistently nested for more than 3 consecutive days, exhibiting nesting defense, and characteristic clucking. Individual phenotypic traits related to broodiness included AFB, DFB, and IER. A criterion for the end of broodiness was that the hen did not exhibit broody behavior for more than 7 d.
Statistics
The χ 2 test was manually performed to compare the frequency of hens from each group that were broody. One-way ANOVA (SAS Institute, 2001 ) was used to analyze differences between groups for age at first egg and AFB. Comparisons of hen-day egg production of broody and nonbroody hens were made within each group by 1-way ANOVA. Product moment correlations between AFB, DFB, and IER were calculated using the function CORREL in Microsoft Excel 2003 (Microsoft Corp., Redmond, WA). Significance was determined at P < 0.05 and P < 0.01.
RESULTS AND DISCUSSION
Broody Traits
The number of hens observed with an intact cycle of broodiness was 96 and 74 for groups A and B (16.7 and 12.9%, respectively) and did not differ significantly (χ = 2.89 < χ 2(0.05, 1) = 3.84, P > 0.05). Age at first egg and AFB did not differ significantly (P > 0.05) between groups (Table 1) , mean values being approximately 20 and 40 wk, respectively. For group A, the DFB was 19.5 ± 0.86 d, which was close to a 21-d incubation period. The IER was 14.1 ± 0.66 d, and thus the total laying cessation caused by broodiness (33.6 d) was about 1 mo.
Influence of Broodiness on Egg Production and Laying Ability
For group A, although nonbroody hens produced significantly (P < 0.05) more eggs (almost 7) than broody hens (Table 2) , percentage of hen-day egg production, excluding the broody period, was significantly greater (P < 0.05) for broody than nonbroody hens.
We subdivided hens of group B into 3 subgroups according to number of days out of lay from broodiness. Those with loss of <10, 11 to 20, and >20 d produced 0.8, 3.0, and 7.5 fewer eggs than nonbroody hens, respectively, but the differences were not significant. Meanwhile, when days of laying loss from broodiness were excluded, the average egg-laying rate was not significantly different for broody than nonbroody hens (Table 3) .
Correlations Among Broody Traits
In group A, correlations between AFB and DFB (−0.46), AFB and IER (−0.44), and DFB and IER (0.47) were significant (P < 0.01).
Most local breeds of chickens exhibit broodiness even in cage systems (Yang and Jiang, 2005) . In breeding programs for local breeds, eradicating broody genes remains a selection goal, and removing broody hens when broody behavior is exhibited is a common strategy. However, the present report showed that broody hens also exhibited superior laying ability when the broodiness was not expressed. Therefore, in breeding programs for indigenous chicken, we suggest that although removal of broody hens be accomplished by selection, greater attention should be given to providing an environment to preclude the expression of this behavior. 
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